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1. Introduction
Thanks to excellent operation of HERA, diffractive production of vector mesons (VM) in
DIS γ∗p → V p (V = ρ,φ ,J/ψ etc.) has become a very active field of research in the last decade
(see recent review [1] and references therein). Experimental efforts so far were focused on the
production of the ground state mesons, while the published data on diffractive production of excited
states are very scarce. The only case studied in detail was the radially excited charmonium, ψ(2S),
production, [2], while for the production of excited ρ mesons one can consult only the fixed target
experiments publications, [3, 4, 5].
Theoretical calculations show, however, that detailed study of excited mesons in diffraction
should be a very rewarding enterprise. Production of light excited mesons (ρ ′ mesons, etc) is es-
pecially interesting. First, in the soft regime one can probe the dipole cross section at larger dipole
sizes than in ground state production, [6], which might help understand the phenomenon of sat-
uration. Then, diffractive production of ρ ′ can lead to resolution of the long standing puzzle of
the radial/orbital excitation assignment to the ρ(1450) and ρ(1700) mesons, see [7]. Finally, the
remarkable property of orbitally excited mesons is that their s-channel helicity conserving (SCHC)
production amplitudes suffer an extra suppression in comparison with ground state production,
while the helicity violating amplitudes (SCHNC) do not, [8, 9]. This hints at the increased impor-
tance of helicity violation in production of mesons with large orbital excitations.
We report here calculations of the diffractive DIS production of spin-excited mesons, in par-
ticular, the spin-3 meson ρ3(1690). We use the kt-factorization approach and adapt the formalism
of [8] to high-spin mesons. For numerical calculations we use the fits to the unintegrated gluon
density developed in [10]. Details on these calculations can be found in [11].
2. Spin-3 meson production: analytical results
We use the usual notation for kinematical variables. Q2 is the photon’s virtuality, W is the
total center-of-mass energy of the γ∗p collision. The momentum transfer from proton to photon is
denoted by ∆µ and at high energies is almost purely transverse: −∆2 = |t| ≈ |t ′|=~∆2.
Diffractive production of meson V with mass mV can be treated in the lowest Fock state ap-
proximation as production of the corresponding qq¯ pair of invariant mass M 6= mV , which is then
projected, at the amplitude level, onto the final state. Within the leading log 1
x
accuracy the higher
Fock states are reabsorbed into the evolution of the unintegrated gluon density (or color dipole
cross section). A typical diagram to be calculated (see [1]) contains the valence quark loop, with
integration over the quark transverse momentum~k and its fraction of photon’s lightcone momentum
z, and the uppermost gluon loop, with the integration over transverse momentum ~κ . A convenient
choice is to assign momentum~k+z~∆ to the quark and−~k+(1−z)~∆ to the antiquark, which ensures
that even at non-zero ~∆ the qq¯ invariant mass is M2 = (m2 +~k2)/z(1− z). It is also convenient to
consider the relative qq¯ momentum pµ ≡ (kq− kq¯)µ/2 in the qq¯ pair rest frame, where it reduces
to the 3-momentum p = (~k,kz) with kz ≡ (2z−1)M/2. Such 3-dimensional vectors, which always
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αs F (x1,x2,~κ,~∆) · I(3)λ3;λγ ·ψ3(p
2) . (2.1)
Here cV is the flavor factor, F (x1,x2,~κ,~∆) is the skewed unintegrated gluon distribution.
A spin-3 particle is described with the rank-3 polarization tensor T µνρ , which must be sym-
metric and traceless in any pair of Lorentz indices. Its coupling to the qq¯ pair can be expressed via
the coupling of the S-wave vector meson:
u¯C µνρ u ·Tµνρ = u¯S µ pν pρ u ·Tµνρ ≡ u¯S µ u · τµ , (2.2)
where τµ ≡ Tµνρ pν pρ plays the role of effective polarization vector. This allows one to construct
the integrands I(3)λ3;λγ for spin-3 meson production directly from the known integrands I
S
λS;λγ for the
S-wave vector meson production.
The shape of the radial wave function of the spin-3 meson is governed by the angular momen-
tum L = 2. Note that spin-3 meson (L = 2, S = 1 → J = 3) is a spin-orbital splitting partner of
the D-wave vector meson (L = 2, S = 1 → J = 1), and according to the potential models one can
assume that their radial distribution functions are proportional to each other. The normalization
condition then gives ψ3(p2) =
√
15ψD(p2), which will be useful for comparison of spin-3 and
D-wave vector meson production.
The above expressions can be integrated numerically, but some key issues can be understood
analytically. We first show why production of higher spin meson must be non-zero at all. Con-
sider a simpler problem: transformation of a purely S-wave qq¯ state into the D-wave qq¯ state just
in vacuum. One expects the amplitude of this transition to be zero due to the S-wave/D-wave




2~k ψ∗D(p2)ψS(p2)(2k2z −~k2) =
∫ 4
M
d3pψ∗D(p2)ψS(p2)(2k2z −~k2) = 0 .
The presence of the quadrupole combination 2k2z −~k2 makes the amplitude zero, as long as all other
factors under the integral are spherically symmetric.
In diffraction, such a transition is induced by the Pomeron (the diffraction operator), and one
has
ψS(p2)→ ψS(k2z +(~k⊥+~κ)2)+ψS(k2z +(~k⊥−~κ)2)−2ψS(k2z +~k2⊥)≈ 2~κ2
[
ψ ′S(p2)+~k2⊥ψ ′′S (p2)
]
,




ψ ′S +~k2⊥ψ ′′S
]
ψD · (2k2z −~k2⊥) 6= 0 .
This is a natural result. The collision process involves a preferred direction: that of the proton’s
momentum in the vector meson rest frame. The transverse and longitudinal dynamics of the quark
loop now differ, and this leads, in particular, to circulation of purely transverse momentum~κ in the
loop, which breaks the spherical symmetry.
The second issue that can be understood analytically is the relative production rate of the
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case σ(V3),σ(VD) ≪ σ(V ), but σ(V3) and σ(VD) are comparable. The most remarkable result
one obtains in this limit is on the longitudinal to transverse ratios RLT ≡ (σL/σT ) · (m2V/Q2). For
example, for Q2 = m2V the results for ground state vector meson, the D-wave excitation and the
spin-3 meson are: R1SLT = 1 , RDLT = 9/289 , R3LT = 6, which differ by orders of magnitude. Such
a dramatic difference originates from σ3L ≫ σDL , σ3T ≪ σDT . The cause of this "mirror" behavior
can be traced back to Clebsch-Gordan coefficients, i.e. to the spin-orbital structures of V3 and VD.















The second terms have opposite signs for V3 and VD, so that the interference patterns are distinctly
different. It is this difference that leads to σ3T ≪ σDT . The opposite phenomenon happens for the
longitudinal cross sections. Since these phenomena stem from the very definition of spin-3 and
D-wave vector meson polarization states, one can hope that the property R3LT ≫ RDLT is a model-
independent prediction. It would be interesting to verify it in other theoretical approaches and to
test it experimentally.
3. Spin-3 meson production: numerical results
We applied the above results to study numerically the production of ρ3(1690) meson. In order
to integrate (2.1) numerically, one needs to specify models for the unintegrated gluon density and
the meson wave function. We related the skewed unintegrated gluon density with non-zero momen-
tum transfer to the forward unintegrated gluon density, and for the latter we used parametrizations
borrowed from [10]. Note that the kt-factorization approach itself does not require Q2 to be large,
and in the soft region, Q2 ∼< 1 GeV2, the words “unintegrated gluon density” should be understood
simply as an appropriately normalized Fourier transform of the dipole cross section.
As for the radial wave function, we choose the simple Gaussian Ansatz WF and, additionally,
assumed proportionality between ψ3(p2) and ψD(p2). The size of the wave function has been
extracted from Γ(ρ(1700)→ e+e−). Unfortunately, this width is known very poorly, to factor of
∼ 5, and this error propagates in our calculations. So, our numerical results for the absolute values
of the cross sections are only to indicate the order of magnitude. However, the accuracy for the
observables that depend on the ratios of the amplitudes as well as for the relative production rates
of ρ3 and ρ ′′(1700) is much better, within factor of 2.
Fig. 1 shows the ratios of the excited to ground state meson cross sections σ(ρ3)/σ(ρ1S) and
σ(ρD)/σ(ρ1S). Both ratios are an order of magnitude smaller than unity, and the ρD cross section is
noticeably larger than that of ρ3, especially at Q2 ∼ 1 GeV2. At larger Q2, the ratio σ(ρD)/σ(ρ3)∼
2. Thus, if one intends to extract ρ(1700) properties from diffractively produced multipion states
around invariant mass ∼ 1700 MeV, one cannot neglect contamination by the ρ3 state.
Difference between ρD and ρ3 is better seen if one studies separately longitudinal and trans-
verse cross sections, shown in Fig. 2. Here, the solid and dash-dotted lines represent the ρ3 and
ρD cross sections, respectively. In the case of ρ3 we showed also with the dashed lines the con-
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Figure 1: Predictions for the ratios of ρ3 (solid line) and ρD (dashed line) to ρ production cross sections as























Figure 2: Predictions for the longitudinal (left plot) and transverse (right plot) cross sections of ρ3 (solid
lines) and ρD (dash-dotted lines) production. The contribution to ρ3 from SCHC amplitudes only is shown
with dashed lines.
amplitudes at small Q2 in ρ3 production. One can even state, on the basis of our calculations, that
ρ3 production at small Q2 probes diffraction in the regime of strong s-channel helicity violation.
In the case of longitudinal cross section, the contribution of SCHNC transitions becomes small at
Q2 > 1 GeV2, since all such amplitudes are of higher twist. Helicity violation remains strong for
transverse photons even at large Q2.
As mentioned above, in the case of D-wave vector mesons one expects suppression of σL but
not in σT . Indeed, our calculations show the domination of the ρ3 over ρD in σL at small Q2 ∼< 1
GeV2, while in σT the ρD cross section is noticeably larger than ρ3 everywhere. This is in a
qualitative agreement with expectations.
It is also interesting to note that ρ3 photoproduction is dominated by significantly larger color
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tion for L = 2 state as well as to the strong contribution of double spin flip amplitudes +1→−1 and
+1→+3, which are dominated by soft scattering. This property suggests ρ3 photoproduction as a
unique testing grounds of large color dipole dynamics and, possibly, of the saturation phenomenon.
4. Experimental possibilities
The OMEGA Collaboration at CERN measured the cross section of diffractive photoproduc-
tion of ρ3(1690) (known then as g(1690) meson) via the a2(1320)pi subsample of the ηpi+pi−
diffractive final state events [4]. The cross section of γ p → ρ3(1690)p → a2(1230)pi p was found
to be 97± 28± 21 nb, which allows one to roughly estimate the ρ3 production cross section as
σ(γ p → ρ3(1690)p) ∼ 200–300 nb. This result is about 5–10 times below our photoproduction
predictions, which we think is not very bad discrepancy, taking into account expected level of
accuracy in the soft region.
The OMEGA Collaboration also measured the photoproduction cross section of ρ ′. The origi-
nal data were reanalyzed in terms of ρ(1450) and ρ(1700) separately in [12] yielding σ(ρ(1700))∼
500 nb. Thus, our result σ(ρ(1700))/σ(ρ3)∼ 3 at the photoproduction limit is roughly consistent
with experiment. Finally, comparing the ρ3 and the ground state ρ photoproduction cross sections,
we note that our result σ3/σ1S ∼ 0.1 is again not very far from experimental value of 0.02–0.03.
Some of the current fixed target experiments, in particular, COMPASS at CERN and E831 at
FNAL, have large potential in study of the analysis of this process. Detailed analysis of experimen-
tal opportunities is discussed in [11].
5. Conclusions
We calculated the cross section of the exclusive production of JPC = 3−− mesons in diffractive
DIS within the kt-factorization approach. The results were compared with the cross section of the
D-wave state vector meson of the same quarkonium. We exemplified the general expressions with
a detailed numerical study of the ρ system, where the ρ3(1690) state is almost degenerate with the
ρ(1700) meson, whose structure is arguably dominated by the qq¯ pair in the D wave.
The absolute values of the cross sections suffer from uncertainties of the input parameters, in
particular, of the ρD → e+e− decay width, and we can be sure only in the order of magnitude of
these results. However, in what concerns the relative production rates of ρ3 and ρD, our conclusions
are much more certain. Our results allow us to formulate the following predictions, which are stable
against variations of the model parameters:
• In typical HERA kinematics, the ratio of production cross sections taken at equal Q2 is
σ(ρD)/σ(ρ3)≈ 3–5 at small Q2, decreasing to ≈ 2 at larger Q2. Thus, when extracting the
properties of ρ(1700) from multipion final states, one cannot simply neglect the ρ3 contri-
bution.
• ρ3 and ρD show completely different patterns in σL-σT decomposition: ρ3 dominates in the
longitudinal cross section, while ρD dominates in the transverse cross section. The ratios
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• The role of s-channel helicity violating amplitudes is extremely important, especially in the
transverse cross section and at small Q2. Production of ρ3 offers an interesting possibility to
study diffraction in the regime of strong s-channel helicity violation.
We find no surprise in numerical stability of the first two conclusions, since they are essentially
driven by very basic relations: similarity of radial wave functions for ρ3 and ρD, the spin-angular
composition of these mesons, and quadrupole suppression of the leading contributions in SCHC
amplitudes.
The work of I.P.I. was supported by the INFN Fellowship, and partly by INTAS and grants
RFBR 05-02-16211 and NSh-2339.2003.2.
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